In this study, SSR analysis was performed on a large number of putative clones of the main olive cultivars from two Italian regions, Sicily and Calabria, in order to study the genetic relatedness, and to detect any degree of genetic diversity, which can be used to unambiguously identify possible superior clones. These putative clones have been collected and observed in the last ten years, following an extensive investigation carried out in traditional olive growing areas, thanks to the reports of farmers, millers, technician, growers and nurseries. The set of microsatellite (SSR) markers used allowed the detection of the genetic diversity, resulting from somatic mutation, indicating the presence of polyclonal cultivars, or having gametic origin, indicating a seedling origin of many clones, which thus share sibling relationships. The presence of superior clones or superior genotypes is discussed.
INTRODUCTION
Southern Italy has a long tradition on olive (Olea europaea L.) cultivation and olive oil production, accounting for 37% of the Italian production. Among the Italian regions, Sicily and Calabria have a relevant place in the olive production, industry and exportation. Both regions have a very rich genetic patrimony. In these regions, the cultivation of this species is well documented since ancient times, by both archaeological and written relic sources. From the sixth century BC, the olive reached Sicily, thanks to the Phoenicians, and from this region moved to southern Italy, thanks to the Romans, who developed the grafting technology (Zohary and Hopf, 1994; Besnard et al., 2001; Rugini et al., 2011) . Since the 1980s, the "Dipartimento DEMETRA" invested in research for the conservation and characterization of the main local cultivars and varieties and the regional oil production (La Mantia et al., 2005; Caruso et al., 2007; Marchese et al., 2008) . In the Calabria region, the first morphological characterisation of cultivars was reported by Caruso (1883) followed by many authors (i.e., Parlati et al., 1995 Parlati et al., , 1999 Mafrica et al., 1996) and a molecular screening of Calabrian cultivars was carried out by Carriero et al. (2002) and Muzzalupo et al. (2009) . In Sicily and Calabria, the main olive production is based on 17 indigenous cultivars, the most widely cultivated (Caruso et al., 2007; Mafrica et al., 1996) . Often a certain amount of morphological variability has been observed within each cultivar, indicating that under the name of a single cultivar could hide a pool of different genotypes (polyclonal cultivars or cultivar-populations). The occurrence of cultivar homonymy and synonymy, the high diversity of the germoplasm and the intra-cultivar variability complicate the olive identification. As diverse morphological types have been observed in production, disease resistance, growing behaviour and fruit traits, putative clones of nine widely spread and predominantly cultivated southern Italy cultivars ('Biancolilla', 'Cerasuola', 'Moresca', 'Nocellara del Belice', 'Nocellara Messinese', 'Nocellara Etnea', 'Ogliarola Messinese' and 'Tonda Iblea', native in Sicily; 'Ottobratica' in Calabria) were analysed in this study both at the molecular level. To discriminate among olive genotypes and to study genetic relationships, DNA molecular markers, particularly microsatellites or SSRs (simple 572 sequence repeats), are today widely used (reviewed in Bracci et al., 2011) ; therefore we employed the most outstanding set of SSRs (reviewed in Baldoni et al., 2009 ) to conduct our intra-clonal diversity investigation.
MATERIALS AND METHODS
An extensive and thorough investigation was conducted in traditional olive growing areas of Sicily and Calabria to identify, thanks to the reports of farmers, millers and growers, different putative clones of the main cultivars. A total of nine standard cultivars, 71 putative clones, 7 internationally grown cultivars and two landraces were analysed (Fig. 1 ). These comprised: 11 putative clones of 'Biancolilla', 9 of 'Cerasuola', 10 of 'Moresca', 8 of 'Nocellara del Belice', 3 of 'Nocellara Etnea', 2 'Nocellara Messinese', 5 of 'Ogliarola Messinese', 7 of 'Tonda Iblea' and 16 of 'Ottobratica'.
Genomic DNA was extracted from young leaves according to the protocol developed by Doyle and Doyle (1987) .
Eight SSR primers, fluorescently labeled using four dyes 6-FAM, HEX, NED and PET, considered outstanding by the recent literature (Baldoni et al., 2009), were used: DCA:03, 05, 18 (Sefc et al., 2000) ; Gapu: 45, 71b, 101 (Carriero et al., 2002) ; EMOL (De la Rosa et al., 2002) ; UDO43 (Cipriani et al., 2002) (Table 1) .
A UPGMA dendrogram was constructed using PowerMarker V3.25 software, based on seven SSR loci ( Fig. 1) , using the coefficient of similarity Nei and Li (1973) . One SSR, GAPU101, was excluded from the dendrogram construction, as it amplified two loci.
RESULTS AND DISCUSSION
A quite high degree of polymorphisms was observed among the putative clones at the morphological and phenological level, confirming the observations of local farmers, millers and growers ( Figs. 1 and 2) .
The chosen SSR markers (DCA: 03, 05, 18; Gapu: 45, 71b; EMOL; UDO43) amplified single loci however occasionally extra alleles were observed. The primer GAPU101 amplified two loci; therefore it should be taken into account the possible elimination of that SSR marker from the list of the most useful olive primers (Baldoni et al., 2009 ). The number of alleles per locus varied from three with Gapu45 to twelve with UDO43 (mean=9); the observed heterozygosity was 0.78 and the PIC (Polymorphic Information Content) = 0.68, indicating high SSR polymorphisms. SSRs were useful for detecting the genetic diversity, resulting from somatic mutation (polyclonal cultivar), or having gametic origin (cultivar population). SSRs clearly distinguished 31 accessions (39%) on a total 80, excluding the controls. However, the total polymorphism is even higher considering somatic mutations (up to 63%).
As depicted by the UPGMA dendrogram (Fig. 3) , many clones resulted undistinguishable at the molecular level; thus accessions also indistinguishable at the morphological level can be eliminated from our collection. Most of the Calabria putative clones of 'Ottobratica' and some putative clones of Sicilian cultivars 'Biancolilla', 'Cerasuola' and 'Nocellara del Belice' were discriminated at the molecular level and morphologically. 'Biancolilla', 'Cerasuola' and 'Ottobratica' may be considered more as landraces. Many 'Biancolilla', 'Cerasuola' and to a lesser extent 'Nocellara del Belice' putative clones shared sibling relationships, therefore they do not represent cases of intraclonal variation. Thus, this analysis enabled us to identify the somatic mutants (the true putative clones) from the siblings. Among the 'Cerasuola' putative clones, 'Cerasuola 1', 'Cerasuola 2' and 'Cerasuola Cappuccia', showing differences in their vegetative habitus, "weeping", "pillar" and "compact" respectively, resulted to be genuine somatic mutants of 'Cerasuola std'. 'Ogliarola Messinese', 'Moresca', 'Nocellara Messinese' and 'Tonda Iblea' putative clones showed differences only attributable to somatic mutation. 'Ottobratica' putative clones showed large genetic differences, which also may be due to the fact that many trees are seedlings of the 'Ottobratica std', such as 'Ottobratica Perciasacchi V.T.', 'Ottobratica Perciasacchi V.J.', 'Ottobratica promentina', 'Ottobratica San Marco' and 'Ottobratica trovarica' (Figs. 2 and 3) . The SSR profile of 'Ottobratica V.J.' was different from that of 'Ottobratica std', therefore they do not share any sibling relationship, but they represent a case of homonymy. 'Ottobratica San Pietro' showed genetic relationship with 'Ottobratica std', but looser than siblings, thus they are homonyms. 'Ottobratica Cannava tardiva', 'Ottobratica megali', and 'Ottobratica dolce' showed distinct SSR profiles than 'Ottobratica std', indicating that they are different genotypes (Figs. 2 and 3) . As concern 'Ottobratica Cannava tardiva' and 'Ottobratica megali' they can be sibling.
CONCLUSIONS
The clustering of local cultivars and clones following the geographical region suggests that they share common genetic backgrounds. Our data are useful for undertaking selection of superior clones (es., 'Nocellara del Belice clone 3', has larger fruit size; Fig. 1 ) or individual genotypes (es., 'Ottobratica San Pietro', resistant to Antracnosis; Fig. 2 ). In addition this analysis allows the re-organization of our collection and to establish a core collection of the southern Italy olive germoplasm. The use of seven cultivar-controls will facilitate the SSR data comparison with other laboratories and databases.
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